Vitex gardneriana, popularly known as "jaramataia", is a shrub commonly found in the caatinga biome located in northeast Brazil. In folk medicine, its leaves have been used as analgesic and anti-inflammatory agents. Here we describe, for the first time, the chemical composition of the leaf essential oils extracted at 8.00, 12.00 and 17.00 h from V. gardneriana and report on their circadian rhythm, and antimicrobial and anticholinesterase activities. The essential oils' antifungal activity was evaluated by a broth microdilution method using strains of dermatophytes, fungi and yeasts. The modulatory activity assays were performed by the checkerboard technique using ketoconazole as a standard drug, and acetylcholinesterase inhibitory activity was performed using Ellman's colorimetric method and compared with a reference acetycholinesterase inhibitor (physostigmine). The essential oils extracted from the leaves were analyzed by GC/MS and GC/FID. Twenty-five constituents (94.7%) were identified in the 8 o'clock oil, these being 2 monoterpenes (0.4%) and 23 sesquiterpenes (94.3%). For the essential oil extracted at 12 o'clock, 26 constituents (91.8%) were identified, of which 2 were monoterpenes (0.3%) and 24 sesquiterpenes (91.5%). For the essential oil extracted at 17.00 h, 32 constituents (91.4%) were identified, of which 5 were monoterpenes (3.4%) and 27 sesquiterpenes (88%). The main constituents of the 8.00, 12.00 and 17.00 h essential oils were the sesquiterpenes cis-calamenene (27.9, 24.5 and 25.8%), 6,9-guaiadiene (21.8, 11.2 and 18.4%) and caryophyllene oxide (16.7, 26.3 and 13.8%), respectively. The essential oils showed activity against strains of Trichophyton rubrum.
The popular use of medicinal plants by traditional communities can be a useful tool in combating or preventing diseases. It is important to emphasize that, with the use of local biodiversity the scientific community can prove its effectiveness and promote the safe use of these natural resources [1] . Vitex is the largest genus in the family Verbenaceae, which comprises 250 species of shrubs and trees that are distributed in the tropics and subtropics.
Vitex species have been used for treating many health problems such as malaria, herpes, itching, dermatitis, and controlling menstruation [2] . V. gardneriana Schauer (Lamiaceae), popularly known as "jaramataia", is a shrub commonly found in the caatinga biome located in northeast Brazil. In folk medicine, the leaves of V. gardneriana have been used as analgesic and anti-inflammatory agents [3] . The aim of this work was to determine the chemical composition and antimicrobial and anticholinesterase activities of essential oils from V. gardneriana leaves. Essential oils extracted from leaves at 8.00, 12.00 and 17.00 h were analyzed by GC/MS and GC/FID. Twenty-five constituents (94.7%) were identified from the essential oil extracted at 8 o'clock, 2 being monoterpenes (0.4%) and 23 sesquiterpenes (94.3%). For the 12 o'clock oil, 26 constituents (91.8%) were identified, of which 2 were monoterpenes (0.3%) and 24 sesquiterpenes (91.5%). For the 17.00 h oil, 32 constituents (91.4%) were identified, of which 5 were monoterpenes (3.4%) and 27 sesquiterpenes (88.0%). The chemical composition of the essential oils showed a greater abundance of sesquiterpenes. The main constituents of the 8.00, 12.00 and 17.00 h oils were ciscalamenene (27.9, 24.5 and 25.8%), 6.9-guaiadiene (21.8, 11.2 and 18.4%) and caryophyllene oxide (16.7, 26 .3 and 13.8%), respectively. The differences in chemical composition of the essential oils can be attributed to environmental factors influenced by the edaphoclimatic conditions [4] .
In a broth microdilution assay against dermatophytes and yeasts, the leaf essential oil extracted at 8 o'clock inhibited the growth of dermatophytes with MIC values ranged from 0.07 to 0.31 mg/mL and a geometric mean of 0.13 mg/mL; for the 12 a.m. oil the values ranged from 0.07-0.15 mg/mL with a geometric mean of 0.11 mg/mL; and for the 17 p.m. oil the values ranged from 0.07-0.62 mg/mL and the geometric mean was 0.26 mg/mL for all tested strains of T. rubrum. The results are summarized in Table 2 . The most effective oil was that collected at 12.00 h, following by the 8.00 and 17.00 h oils. The essential oils did not significantly inhibit the growth of any of the tested yeasts, as inhibition was observed only at the highest concentration tested (2.5 mg/mL).
Previous study revealed anti-Candida activity of the essential oils of Lippia sidoides and Croton species [5, 6] , also plants of the Brazilian northeast, but there are no reports on the antimicrobial activity of V. gardneriana. Therefore, this work describes, for the first time, the in vitro antifungal activity of its essential oil against the dermatophyte Trichophyton rubrum. This fungus is responsible for clinical skin infections (dermatophytosis). Dermatophytosis is the most important superficial mycosis in both humans and animals. It has high affinity for keratin protein and is one of the most prevalent fungi in the etiology of these contagious infections in humans [7] , accounting for 80% of cases of onychomycosis [8] . Previous studies report antifungal activity for caryophyllene oxide [9, 10] . Plant essential oils are a potentially useful source of antimicrobial compounds, and are important in the development of new drugs serving as models for the synthesis of drugs with diverse pharmacological properties and chemical structures [11] . These results indicate that the found antifungal activity represents a combined effect of the sesquiterpenes of the essential oils. Two T. rubrum strains were used. The results are shown in Table 3 . The combination of essential oils with ketoconazole showed that there was a significant reduction in MIC values for the essential oil against both strains, as well as a significant reduction in the MIC of ketoconazole, from 1.0 to 0.5, for the strain T. rubrum LABMIC 0204. From these values, we calculated the fractional inhibitory concentration index (FICI), which did not show a synergistic effect on the modulatory activity of T. rubrum strain LABMIC 0204; the FICI value was 0.7 for the 8.00 o'clock oil and 3.1 for the 12.00 o'clock oil.
The leaf essential oils from V. gardneriana showed acetylcholinesterase inhibitory activity (Table 4) . This result agrees with the literature and can be explained by the presence in these oils of α-pinene, β-pinene and β-caryophyllene, which have been reported to inhibit AChE [12] . In addition, the monoterpenoids in these oils may act synergistically to inhibit AChE [13] . The anticholinesterase activity of this compounds can be explained by hydrophobic interactions between the hydrophobic active site of AChE and the hydrocarbon skeleton of the terpenoids [14] . Essential oil from leaves of V. gardneriana collected at 8.00, 12.00 and 17.00 h showed a predominance of sesquiterpenes. This result is in agreement with the literature for the chemical composition of essential oils from Vitex species. The main constituents were the sesquiterpenes cis-calamenene, 6,9-guaiadiene and caryophyllene oxide. The essential oils showed acetylcholinesterase inhibitory activity, which can be explained by the presence in these oils of α-pinene, β-pinene and β-caryophyllene, which have been reported to inhibit AChE in vitro. The essential oils showed fungistatic activity against strains of T. rubrum. The modulatory activity assays with a combination of ketoconazole and the essential oils showed enhancement of the antifungal activity of ketoconazole, but this interaction was not synergistic.
Experimental
Plant material: Vitex gardneriana was collected in April 2014 at the experimental farm of the Acaraú Valley State University (03º 36' 44'' S 40º 18' 37'' W), located 11 km from the city of Sobral, Ceará, Brazil. Plant authentication was performed by Professor Elnatan Bezerra de Souza (a plant taxonomist) and a voucher specimen (N° 17.703) has been deposited at the herbarium Francisco José de Abreu Matos (Sobral, Brazil).
Extraction of essential oils:
The fresh leaves {4.1 kg (8.00 h), 4.0 kg (12.00 h) and 3.9 kg (17.00 h)} of V. gardneriana were subjected to hydrodistillation in a Clevenger-type apparatus for 2 h to afford 0.1% (w/w), 0.1% (w/w) and 0.1% (w/w), respectively. The yields (w/w) were calculated based on the fresh weight of the Vitex gardneriana essential oil Natural Product Communications Vol. 13 (5) 2018 637 (w/w) were calculated based on the fresh weight of the plant materials. After being filtered and dried over anhydrous sodium sulfate, the isolated oils were stored in sealed glass vials, which were maintained under refrigeration before analysis.
Gas chromatography with flame ionization detector: GC-FID for quantitative analysis was carried out on a Shimadzu GC-17A gas chromatograph using a dimethylpolysiloxane DB-5 fused silica capillary column (30 mm x 0.25 mm, film thickness 0.25 mm). H 2 was used as the carrier gas at a flow rate of 1 mL/ min and 30 psi inlet pressure; split, 1:30; temperature program: 35-180°C at 4°C/ min, then heated at a rate of 17°C/ min to 280°C and held isothermal for 10 min; injector temperature, 250°C; detector used FID, detector temperature, 250°C.
Gas chromatography-mass spectrometry: GC-MS for the analysis of the volatile constituents was carried out on a Hewlett-Packard Model 5971 GC/MS using a non-polar DB-5 fused silica capillary column (30 mm x 0.25 mm i.d., 0.25 mm film thickness); carrier gas helium, flow rate 1 mL/min and with split ratio 1:1. The injector temperature and detector temperature were 250ºC and 200ºC, respectively. The column temperature was programmed from 35ºC to 180ºC at 4ºC/min and then 180ºC to 250ºC at 10ºC/min. Mass spectra were recorded from 30 -450 m/z. Individual components were identified by matching their 70 eV mass spectra with those of the spectrometer data base using the Wiley L-built library MS searches using retention indices as a preselection routine, as well as by visual comparison of the fragmentation pattern with those reported in the literature [15] .
In vitro antifungal assay:
The strains were obtained from the fungal collection of the Microbiology Laboratory, State University of Vale do Acaraú, the URM Culture Collection of the Department of Mycology, Federal University of Pernambuco and Hospital Santa Casa de Misericórdia de Sobral. In all these collections, the strains were maintained in saline (0.9% NaCl) at 28ºC. At the time of the analysis, an aliquot of each suspension was taken and inoculated into potato dextrose agar (Difco, Detroit, MI, USA), and then incubated at 28ºC for 2 -10 days. Four strains of Trichophyton rubrum and 4 strains of Candida spp. (C. albicans, C. parapsilosis, C. tropicalis and C. tropicalis) were included in this study. For the broth microdilution method, standardized inocula (2.5-5 x 10 3 CFU mL -1 for Candida spp. and 5.0 x 10 4 CFU mL -1 for T. rubrum) were prepared by turbidimetry. Stock inocula were prepared on day 2 and day 10 for Candida spp. and T. rubrum, respectively, grown on potato dextrose agar at 28ºC. Sterile saline solution (0.9%) was added to the agar slant and the cultures were gently swabbed to dislodge the conidia from the hyphal mat and from the blastoconidia for T. rubrum and Candida spp., respectively. The suspensions were diluted to 1:2000 for Candida spp. and 1:500 for T. rubrum, both with RPMI 1640 medium (Roswell Park Memorial Institute -1640) with l-glutamine without sodium bicarbonate (Sigma Chemical Co., St Louis, MO, USA), and then buffered to pH 7.0 with 0.165 M MOPS (Sigma Chemical Co.), to obtain inocula of 2.5-5 x 10 3 CFU mL -1 and 5.0 x 10 4 CFU mL -1 , respectively. The minimum inhibitory concentration (MIC) for Candida spp. was determined by the broth microdilution method, in accordance to M27-A3 guidelines of Clinical and Laboratory Standards Institute [16] . The broth microdilution assay for T. rubrum was performed as previously described [17] based on the M38-A guidelines document [18] . Extracted essential oils from V. gardneriana were prepared in 100% mineral oil. Amphotericin B (AMB) and ketoconazole (KTC) (Sigma, Chemical Co., USA) were prepared in distilled water. For the susceptibility analysis, the essential oil samples were tested in concentrations ranging from 0.002 to 2.5 mg/mL. The microdilution assay was performed in 96-well microdilution plates. Growth and sterile control wells were included. The microplates were incubated at 37ºC and read visually after 2 days for Candida spp. and 5 days for T. rubrum. The assay for the essential oil was run in duplicate and repeated at least twice. The MIC was defined as the lowest concentration of an antimicrobial agent that prevents visible growth of a microorganism. The results were read visually as recommended by CLSI.
Microdilution checkerboard assay:
Assays were performed on all strains of T. rubrum according to the checkerboard technique [19, 20] , to determine the combined effect of the essential oil with the standard antifungal compound. The interaction of the drugs was ascertained by calculating the Fractional Inhibitory Concentration Index (FICI). The FICI is calculated by adding the Fractional Inhibitory Concentration (FIC) for each of the tested compounds, being defined as the addition of the MIC values of each drug in the combination divided by the MIC of the drug alone. . In the solutions the tested products were used at concentrations of their respective MICs. Initially, 50 µL of RPMI 1640 medium was added to all 96 wells of the microdilution plate. Then 50 µL of essential oil was added to the first column, in which serial dilutions were made in the plate until the 8th column, with the essential oil concentrations ranging from 5 mg/mL to 0.03 mg/mL. In the vertical lines, 50 µL of the standard antifungal compound, ketoconazole, was placed in concentrations ranging from 16 µg/mL to 0.125 µg/mL. Finally, 100 µL of inoculum was added to all wells. RPMI 1640 medium with inoculum was used as negative control, while the antifungals and essential oil separately were used as positive controls at the respective MIC values. The microplates were incubated at 37ºC and read visually after 5 days for dermatophytes. Assays were performed in triplicate. The FICI was interpreted as indicating a synergistic effect at values ≤ 0.5, an indifferent effect at values > 0.5 or ≤ 4.0, and an antagonistic effect at values > 4.0 [21] .
Determination of acetylcholinesterase inhibitory activity:
The acetylcholinesterase inhibitory activity was qualitatively assessed using a thin layer chromatographic method [22] , and was quantitatively measured using an Elisa BIOTEK microplate reader (model ELX 800 with Gen5 V2.04.11 software), based on a modified method of Trevisan and Macedo [23] .
Statistical analysis:
All the experiments were performed in triplicate, and the results are expressed as the mean ± standard deviation. The differences between the values were examined using analysis of variance (ANOVA), and the results were compared using the Tukey test at a 95% confidence level. GraphPad Prism software version 5.01 was used.
